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(54) Communication terminal apparatus and cell search method 



(57) Threshold judging circuit 151 performs a 
threshold judgment on a correlation value output from 
each of search correlators 104-1 to 104-n. Rank deter- 
mining circuit 152 ranks phases output from threshold 
judging circuit 151 in descending order of correlation 
value. Candidate path determining circuit 153 deter- 
mines a phase with a high correlation value in the short 
integration as a candidate path to assign to one of 
search correlators 1 04-1 to 1 04-n sequentially, and out- 



puts a control signal for generating an operation clock 
based on an assignment result to clock generator 106. 
Demodulation phase determining circuit 154 deter- 
mines a candidate path with a highest correlation value 
in the long integration to be optimal for use in demodu- 
lation, and outputs a control signal for generating an op- 
eration clock based on a determined result to clock gen- 
erator 1 06. It is thereby possible to perform a cell search 
fast without increasing a hardware scale. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a communica- 
tion terminal apparatus and cell search method for use 
In a cellular system such as digital car telephone and 
portable telephone. 

Description of the Related Art 

[0002] In a cellular system : when a communication 
terminal apparatus is turned on, a communication be- 
tween a communication terminal apparatus and a base 
station apparatus is disconnected, or a base station to 
which a terminal apparatus is switched is specified in a 
handover, it is necessary for the communication termi- 
nal apparatus to specify a base station apparatus which 
currently exists the closest to the terminal apparatus and 
which is the most excellent to communicate. This is 
called a cell search. It is required to perform the cell 
search fast. 

[0003] As a method for performing the cell search fast 
in a cellular system using a CDMA system, there is a 
method for at a first stage, dividing a phase into search 
windows of which the number is the same as correlators, 
detecting the correlation on a phase inside a search win- 
dow over a short integration length sequentially (here- 
inafter referred to as short integration), and selecting a 
path (hereinafter referred to as candidate path) with a 
correlation value exceeding a threshold, and at a sec- 
ond stage, for detecting the correlation on the candidate 
path over a long integration length (hereinafter referred 
to as long integration). 

[0004] When a communication terminal apparatus is 
moving at a high speed, or base station apparatuses are 
located close to each other due to a large number of 
subscribers in a large city or the like, the number of 
phases to search is increased, the peripheral cell envi- 
ronment changes fast and therefore the requirement for 
performing the cell search fast is further increased. 
[0005] However, in a conventional communication 
terminal apparatus, since each correlator performs the 
long integration and short integration in an assigned 
search window, a correlator does not perform the long 
integration when a candidate path is not present in the 
assigned search window, while another correlator in 
which a plurality of candidate paths are present in an 
assigned window should perform the long integration a 
plurality of times, resulting in a problem that it takes a 
long time to perform the cell search. 
[0006] In addition, increasing the number of correla- 
tors enables the cell search to be performed fast, how- 
ever, the hardware scale is increased. 



SUMMARY OF THE INVENTION 

[0007] It Is an object of the present Invention to pro- 
vide a communication terminal apparatus and cell 

5 search method capable of performing a cell search fast 
without increasing a hardware scale. 
[0008] The present invention achieves the above ob- 
ject by effectively using a search correlator in which a 
candidate path is not present in an assigned search win- 

10 dow or a demodulation correlator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The above and other objects and features of 
is the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection with the accompanying drawing wherein one ex- 
ample is illustrated by way of example, in which; 

FIG.1 is a block diagram illustrating a configuration 
of a communiccitton terminal apparatus according 
to a first embodiment of the present invention; 
FIG .2 is a diagram to explain a cell search operation 
in the communication terminal apparatus according 
to the first embodiment of the present invention; 
FIG .3 is another diagram to explain the cell search 
operation in the communication terminal apparatus 
according to the first embodiment of the present in- 
vention; 

FIG.4 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a second embodiment of the present invention; 
FIG. 5 is adiagro n to explain a cell search operation 
in the communic; iti on terminal apparatus according 
to the second em bodiment of the present invention; 
FIG. 6 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a third embodiment of the present invention; and 
FIG. 7 is a diagram to explain a cell search operation 
in the communic. .lion terminal apparatus according 
to the third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 

[0010] Embodiments of the present invention will be 
described specifical! below with reference to accompa- 
nying drawings. 



[0011] FIG.1 is a t ock diagram illustrating a configu- 
ration of a communic :ion terminal apparatus according 
to the first embodiment of the present invention. A signal 
55 transmitted from a r . ise station not shown is received 
at antenna 101 and i .put to reception RF section 102. 
[001 2] Reception i F section 1 02 converts an input re- 
ceived signal with a : . . !io frequency into a baseband sig- 



50 (First embodiment) 
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nal. AD conversion section 1 03 performs a conversion 
of an analog signal to a digital signal on the baseband 
signal output from reception RF section 1 02 . The digital 
signal output from AD conversion section 1 03 is input to 
search correlators 104-1 to 104-n and demodulation 
correlator 107. 

[0013] Search correlators 104-1 to 104-n each per- 
forms correlation detection on the digital signal output 
from AD conversion section 103 at an operation clock 
input from clock generator 1 06 described later, and out- 
put a detected correlation value to search control sec- 
tion 105. 

[0014] Search control section 105 determines a 
phase to detect the correlation in each of search corre- 
lators 104-1 to 104-n and demodulation correlator 107, 
and outputs a control signal to clock generator 106. In 
addition, a detailed internal configuration of search con- 
trol section 1 05 is described later. 
[0015] Clock generator 106 outputs the operation 
clock to each of search correlators 104-1 to 104-n and 
demodulation correlator 107 according to the control 
signal input from search control section 1 05. 
[0016] Demodulation correlator 107 performs de- 
spreading processing on the digital signal output from 
AD conversion section 103 at the operation clock input 
form clock generator 1 06. RAKE combiner 1 08 performs 
RAKE combining on an output signal of demodulation 
correlator 107. Decoder 109 performs error correcting 
decoding on an output signal of RAKE combiner 1 08 to 
output received data. 

[0017] The detailed internal configuration of search 
control section 105 is next explained. As illustrated in 
FIG.1, search control section 105 is mainly comprised 
of threshold judging circuit 151, rank determining circuit 
1 52, candidate path determining circuit 1 53 and demod- 
ulation phase determining circuit 154. 
[0018] Threshold judging circuit 151 performs a 
threshold judgment on the correlation value output from 
each of search correlators 104-1 to 104-n, and outputs 
the correlation value more than the threshold and the 
phase to rank determining circuit 152. 
[0019] Rank determining circuit 152 ranks phases 
output from threshold judging circuit 151 in descending 
order of correlation value. Then, rank determining circuit 
152 outputs a ranked phase to candidate path determin- 
ing circuit 1 53 when its correlation value is based on the 
short integration, while outputting a ranked phase to de- 
modulation phase determining circuit 154 when its cor- 
relation value is based on the long integration. 
[0020] Candidate path determining circuit 153 deter- 
mines a phase with a high correlation value in the short 
integration as a candidate path in descending order of 
correlation value, and assigns the candidate path to one 
of search correlators 104-1 to 104-n sequentially. Then, 
candidate path determining circuit 1 53 outputs a control 
signal for generating an operation clock based on an as- 
signment result to clock generator 106. In addition, 
when the threshold judgment is performed and the 



number of phases with, the correlation value exceeding 
the threshold is lesi :han the number of correlators 
104-1 to 104-n, unus ..J correlators do not need to per- 
form the long Integra 'ion. It is thereby possible to sup- 
5 press power consun >:'on due to the long integration. 
[0021] Demodulator, phase determining circuit 154 
determines a candidate path with the highest correlation 
value in the long inte;rai : on lo be optimal for use in de- 
modulation. Then, tho ciicuit 154 outputs a control sig- 
10 nal for generating an oration clock based on a deter- 
mined result to clock < : .t .erator 106. 
[0022] A cell sean. « operation in the communication 
terminal apparatus il crated in FIG.1 is next explained 
using FIGs.2 and 3. \ sedition, it is assumed in FIGs.2 
15 and 5 that the numbi.i {>. » of search correlators is "5". 
[0023] As illustrate J it. ; IG.2, an entire phase is divid- 
ed into five search v/ k; . .vs where "5" is the number of 
correlators, and eao i,f search correlators 104-1 to 
104-5 performs the ;i integration on all the phases 
20 in an assigned searc: . u.dow selected from search win- 
dows 1 to 5, and out;. ,:=> me correlation value to search 
control section 105. f -osult, correlation values on all 
the phases in the se.-rcn win Jows are obtained. 
[0024] The short i. legation has a short integration 
25 time to reduce a search time, therefore does not sup- 
press interference a; a* ;;oise adequately and does not 
obtain the accuracy i ^forming a cell determination. 
Then, as illustrated i - >.3, ;-.f.-a:ch control section 105 
selects a phase with . . oooo'uii; n value exceeding a 
30 threshold in descen : .;.;der o\ correlation value as a 
candidate path to a. . o of 104-1 to 104-5 se- 
quentially. 

[0025] Then, searc ; . « Hrc. section 105 makes clock 
generator 1 06 genei . . < oporaiion clock based on the 

35 assignment result to ;p r.-ue each of correlators 104-1 
to 104-5. Each of c; ;ois .: 1-1 to 104-5 performs 
on a respective can < pain tn-j long integration for 
detecting the correi • vali...- o\ or a long integration 
time to obtain the a. ~..:y for pe. forming the cell de- 

40 termination, and out; r t .n otation value to search . 
control section 105. 

[0026] Search con. . ...r.. .n C5 determines a can- 
didate path with the \; correlation value obtained 
by the long integrals i : L:-* c.;:i : mal for use in demod- 
45 ulation. 

[0027] Thus, the i.m ■•«•■ - on is performed on 

every phase in ea. -re ": *ow to judge with a 
threshed, a phase v. ■ - ■ :on value exceeding 

the threshold is assi:. e . : latorsequentiallyand 

so the long integration i i .* :» 3 is performed. There- 
fore, when the nun t ■ «3 paths is less than 
the number of sear. : ; i.r. , a cell search can be 
performed by that c -a: : relator performs the 
long integration once : u. : • the cell search can 

55 be performed fast. 



3 



5 



EP 1 130 794 A2 



6 



(Second embodiment) 

[0028] FIG.4 is a block diagram illustrating a configu- 
ration of a communication terminal apparatus according 
to the second embodiment of the present invention. In 
addition, in the communication terminal apparatus illus- 
trated in FIG.4, structural sections common to those in 
the communication terminal apparatus illustrated in FIG. 
1 are assigned the same reference numerals as in FIG. 
1 and the explanations are omitted. 
[0029] In the communication terminal apparatus illus- 
trated in FIG.4, the operations in internal structural cir- 
cuits of search control section 105 are different from 
those in the communication terminal apparatus illustrat- 
ed in FIG.1. 

[0030] Threshold judging circuit 151 performs a 
threshold judgment on the correlation value output from 
each of search correlators 104-1 to 104-n, and outputs 
the correlation value more than the threshold and the 
phase to rank determining circuit 152 and candidate 
path determining circuit 153. 

[0031] Rank determining circuit 152 ranks phases 
output from threshold judging circuit 151 in descending 
order of correlation value. Then, rank determining circuit 
1 52 outputs a ranked phase to candidate path determin- 
ing circuit 1 53 when its correlation value is based on the 
short integration, while outputting a ranked phase to de- 
modulation phase determining circuit 1 54 when its cor- 
relation value is based on the long integration. 
[0032] Candidate path determining circuit 153 deter- 
mines a phase with the correlation value more than the 
threshold in the short integration as a candidate path, 
and assigns the candidate path to one of correlators 
104-1 to 1 04-n that is assigned a corresponding search 
window to which the candidate path belongs. Further, 
candidate path determining circuit 1 53 assigns a periph- 
eral phase of a candidate path with the maximum level 
to some of search correlators 104-1 to 104-n in which a 
candidate path is not present on an assigned search 
window. Then, candidate path determining circuit 153 
outputs a control signal for generating an operation 
clock based on an assignment result to clock generator 
106. 

[0033] Demodulation phase determining circuit 154 
determines a candidate path with the highest correlation 
value in the long integration to be optimal for use in de- 
modulation. Then, the circuit 154 outputs a control sig- 
nal for generating an operation clock based on a deter- 
mined result to clock generator 106. 
[0034] A cell search operation in the communication 
terminal apparatus illustrated in FIG.4 is next explained 
using FIG. 2 descried previously and FIG.5. In addition, 
it is assumed in FIGs.2 and 5 that the number (n) of 
search correlators is "5". 

[0035] As illustrated in FIG. 2, an entire phase is divid- 
ed into five search windows where "5" is the number of 
correlators, and each of search correlators 104-1 to 
104-5 performs the short integration on all the phases 
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[0044] FIG. 6 is a block diagram illustrating a configu- 
ration of a communication terminal apparatus according 
to the third embodiment of the present invention. In ad- 
dition, in the communication terminal apparatus illustrat- 
ed in FIG. 6, structural sections common to those in the 
communication terminal apparatus illustrated in FIG.1 
are assigned the same reference numerals as in FIG.1 
and the explanations are omitted. 
[0045] In the communication terminal apparatus illus- 
trated in FIG.6, the operations in internal structural cir- 
cuits of search control section 105 and in demodulation 
correlator 107 that outputs the correlation value to 
threshold judging circuit 151 of search control section 
105 are different from those in the communication ter- 
minal apparatus illustrated in FIG.1 . 
[0046] Threshold judging circuit 151 performs a 
threshold judgment on the correlation value output from 
each of search correlators 104-1 to 104-n and demod- 
ulation circuit 107, and outputs the correlation value 
more than the threshold and the phase to rank deter- 
mining circuit 152. 

[0047] Rank determining circuit 152 ranks phases 
output from threshold judging circuit 1 51 in descending 
order of correlation value. Then, rank determining circuit 
1 52 outputs a ranked phase to candidate path determin- 
ing circuit 153 when its correlation value is based on the 
short integration, while outputting a ranked phase to de- 
modulation phase determining circuit 1 54 when its cor- 
relation value is based on the long integration. 
[0048] Candidate path determining circuit 153 deter- 
mines a phase with the correlation value more than the 
threshold in the short integration as a candidate path, 
and assigns the candidate to each finger in demodula- 
tion correlator 107. Further, candidate path determining 
circuit 153 assigns a peripheral phase of a candidate 
path with the maximum level to each of correlators 1 04-1 
to 104-n. Then, candidate path determining circuit 153 
outputs a control signal for generating an operation 
clock based on an assignment result to clock generator 
106. In addition, the number of fingers is the number of 
multipaths that RAKE combiner 108 is capable of com- 
bining. 

[0049] Demodulation phase determining circuit 154 
determines a candidate path with the highest correlation 
value in the long integration to be optimal for use in de- 
modulation. Then, the circuit 154 outputs a control sig- 
nal for generating an operation clock based on a deter- 
mined result to clock generator 106. 
[0050] A cell search operation in the communication 
terminal apparatus illustrated in FIG.6 is next explained 
using FIG. 2 described previously and FIG. 7. In addition, 
it is assumed in FlGs.2 and 7 that the number (n) of 
search correlators and the number of fingers in the de- 
modulation correlator is "5". 

[0051] As illustrated in FIG. 2, an entire phase is divid- 
ed into five search windows where "5" is the number of 
correlators, and each of search correlators 104-1 to 
104-5 performs the short integration on all the phases 





in an accinn 


?oarr 






aows i to o. 




Ul 




control Scum 








the* nhacoc i 
lilt? pildoco I 






5 


r00521 Th 

[UUJ&J 1 [ 1 


J.. 


i 




section iuo . 




• 1 




ua^ccuii iy i 




iC 




^ppnHinn 01 
ooci lull 1 y ui 


if of i 






L/CU ILilLldlC JJ 


h tO C< 


,1! 


10 


reiaior i u/. 


■ ' ! i c ; 














HatA nath vw! 
udic lj ail i w ■ 








1 UH--1 IO 1 U- 








rnn«;i! Th 






15 


generator 1 i 








assignment 


: i 

-jIL . 


-i 




to i u^t-o an 


Jcmo 






tinn pnrrplat 


1 07 p 






□ ccinnorJ /"»«. 
doblyllt^U Lc 






20 


VdlUc IO otc: 








< r\A i tn 1 ft 
1 U*f-1 IO 1 U> 








cinnpri nprif 
oiyiitru jjcfif. 








maximum )■ 

1 1 IQAII MUM 1 IV 








bcdiui corii' 






25 


[0054] Se 


i CC 






rtiriata nath 


ii; tht 






in thp Ion n it 
hi ii ic ivi iy it 








lation. 














30 


finnprc in p 
1 1 1 iy ci o hi ci 








timo tho c! 
Ill 1 !c, Ulc o i 








phases of t; 








iicinn cQarr' 
uoiiiy ocalt 








tain f"\ 1 o w r 

lain Ocldycl 


V C" i : 




35 


with thp mav 

WILII INCH lu/ 


'":"! i 






fr% fact n^rfn 
l\j l do l pel l u 








rn05Bl In r 

[_ w \J *J \J J 1 1 1 r 








nlainc tho r 
fJIdlilo lilt; L. 














40 


annl Innn int 
di i\i i\Ji iy ii ii 








IO Kilo OdbL 








whpn thf» ni ■ • 

WIICII LI IC 1 IU 








is 3 or more 








rQ0571 A<; 






45 


nication ten 








cparph r*ori 








□resent on ; 








tinn ^nrrplal 

HUM UUI 1 ClQl 








in ton ratios n 
l( 1 Ley I dllUl 1 . 






50 


Qoarrh fact 
ocdiOlt Idol. 








[0058] In r- 








to capitalize 








izing on a p 








[0059] Th 






55 


above desc 








and modific 




j 




from the sc 








[0060] Th 







ow selected from search win- 
e correlation value to search 
suit, correlation values on all 
endows are obtained, 
jd in FIG. 7, search control 
sc with the correlation value 
as a candidate path in de- 
:ion value, and assigns the 
fingers in demodulation cor- 
. control section 105 assigns 
idate path B that is a candi- 
:i level to each of correlators 

Li ol section 105 makes clock 
operation clock based on the 
■to each of correlators 104-1 
c correlator 107. Demodula- 
; the long integration on each 
and outputs the correlation 

ion 105. Each of correlators 
"! short integration on an as- 

the candidate path with the 
uu the correlation value to 
i. 

;; ; on 105 determines acan- 
t correlation value obtained 
optimal for use in demodu- 

•rjration is performed using 
correlator and at the same 
i?» performed on peripheral 

:h with the maximum level 
; . orefore it is possible to ob- 
; i round the candidate path 

, the search correlators and 

cent in data demodulation. 
:ach above embodiment ex- 
. .oer of integration times to 
finely, the short integration 

ent invention is not limited 
: of having the same effect 

in to detect the correlation 

\ according to the commu- 
md cell search method, a 
• a candidate path is not 
:h window or a demodula- 
. V. iciently to perform the long 
possible to perform a cell 

cnt invention is not limited 
^ and is capable of capital- 

1AKE combining. 

*on is not limited to the 

is, and various variations 
. ossible without departing 

i invention. 

.sed on the Japanese Pat- 



9 



EP 1 130 794 A2 



10 



ent Application No. 2000-054079 filed on February 29, 3. A comm 

2000, entire content of which is expressly incorporated 

by reference herein. a pit «. 

104- >> 

5 sign 

Claims tus t 

den~ 

1. A communication terminal apparatus comprising: forn 

tran 

a plurality of search correlation means (104-1- 10 tus i 

1 04-n) for performing correlation detection of a nica ■ 

signal transmitted from a base station appara- sea: i. 

tus to be searched; and pha: 

search control means (105) for controlling a me;; 

phase for each of said search correlation 15 me; 
means to perform the correlation detection, 

wherein 

wherein said search control means makes each of said se? 

said search correlation means calculate a first cor- relation \. 

relation value on every phase over a first integration 20 time, cc 

time, selects a phase with the first correlation value threshc 

more than a threshold in descending order of the late a st 

first correlation value, makes each of said search first cor; 

correlation means calculate a second correlation a secor. 

value on a selected phase over a second integration 25 g rati on t 

time longer than the first integration time, and spec- means c 

ifies a phase with a greatest second correlation val- ripherai 

ue as a phase of the signal transmitted from the relation 

base station apparatus. second 

30 transmi 

2. A communication terminal apparatus comprising: searcru 

based c 

a plurality of search correlation means (104-1 - 

1 04-n) for performing correlation detection of a 4. A cell s> 
signal transmitted from a base station appara- 35 

tus to be searched; and pe; 

search control means (105) for controlling a mil: 

phase for each of said search correlation gr^ 

means to perform the correlation detection, co: 

40 coi 

wherein said search control means makes each of pe 

said search correlation means calculate a first cor- pha 

relation value on every phase over a first integration the 

time, compares the first correlation value with a Ion 

threshold, makes some of said search correlation 45 inc; 

means calculate a second correlation value on a sp« 

phase with the first correlation value more than the rei 

threshold over a second integration time longer tic 
than the first integration time, makes rest of said 

search correlation means that is not used in calcu- so 5. a cell t. 
lating the second correlation value calculate a third 

correlation value on a peripheral phase of a phase pe: 

with a greatest first correlation value, specifies a mi: 

phase with a greatest second correlation value as gr 

a phase of the signal transmitted from the base sta- 55 cc 

tion apparatus, and specifies a phase of a delayed cl 

wave based on the third correlation value. pc 

ph 



1 v il apparatus comprising: 

s . .h correlation means (104-1- 
u'.c in 7 correlation detection of a 
lit! . from a base station appara - 

rc d; 

\ ( "elation means (107) for per- 
il detection of another signal 
:n ther base station appara - 
lt ; nicating with said commu- 

ii apparatus; and 
: 1 jr.ns (105) for controlling a 

..it 0; said search correlation 
i demodulation correlation 
ihe correlation detection, 

jti rol means makes each of 
. ; eans calculate a first cor- 
jj. :ase over a first integration 
s: correlation value with a 
^■modulation means calcu- 
i ;:i value on a phase with the 
icre than the threshold over 
.mo longer than the first inte- 
ch of said search correlation 
i correlation value on a pe- 
. t3 with a greatest first cor- 
a phase with a greatest 
as a phase of the signal 
station apparatus to be 
^ phase of a delayed wave 
nation value. 

:;nprising: 

ation detection of a trans- 
searched over a first inte- 
. «/ phase; 

: a relation value in the first 
y. with a threshold; 
: orrelation detection on a 
r correlation value more than 
a second integration time 
integration time in descend- 
correlation value; and 
;ih a greatest second cor- 
econd correlation detec- 
1 o transmitted signal. 

^uprising: 

. ; ci ation detection of a trans- 
r. .arched over a first inte- 
. phase; 
elation value in the first 
vith a threshold; 
m relation detection on a 
. relation value more than 
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the threshold over a second integration time 
longer than the first integration time, while con- 
currently performing third correlation detection 
on a peripheral phase of a phase with a greatest 
first correlation value; s 
specifying a phase with a greatest second cor- 
relation value in the second correlation detec- 
tion as a phase of the transmitted signal; and 
specifying a phase of a delayed wave based on 
the third correlation value. 10 

A cell search method, comprising: 

performing in a first correlator first correlation 
detection of a transmitted signal to be searched is 
over a first integration time; 
comparing a first correlation value in the first 
correlation detection with a threshold; 
performing in a second correlator second cor- 
relation detection on a phase with the first cor- 20 
relation value more than the threshold over a 
second integration time longer than the first in- 
tegration time; 

performing in said first correlator third correla- 
tion detection on a peripheral phase of a phase 25 
with a greatest first correlation value; 
specifying a phase with a greatest second cor- 
relation value in the second correlation detec- 
tion as a phase of the transmitted signal; and 
specifying a phase of a delayed wave based on 30 
the third correlation value. 
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each of search correlators 104-1 to 104-n. Rank deter- 
mining circuit 152 ranks phases output from threshold 
judging circuit 151 in descending order of correlation 
value. Candidate path determining circuit 153 deter- 
mines a phase with a high correlation value in the short 
integration as a candidate path to assign to one of 
search correlators 104-1 to 104-n sequentially, and out- 
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